Abstract: Two pollen stainability tests (Alexander's stain and acetocarmine) were used to detect differences in pollen viability of the sexual, apomictic and sterile plants of Hieracium subgen. Pilosella. In sexual taxa (Hieracium bauhini and H. densiflorum), the average stainability was 93.7-98.4%. Similarly high stainability (92.2-97.2%) was found in the apomictic Hieracium pilosellinum and in the majority of the apomictic populations (or plants) of the pentaploid and hexaploid H. bauhini. In some apomictic plants of Hieracium bauhini the average pollen stainability was 49.0-75.4%. The lowest pollen stainability was found in the sterile plants, i.e. the triploid H. pistoriense (33.6%) and the pentaploid H. brachiatum (29.6%).
Introduction
The genus Hieracium is well known for an extremely complicated pattern of morphological variation and for a diversity of reproductive strategies (both sexuality and agamospermy). Two subgenera, i.e. subgen. Hieracium and subgen. Pilosella (Hill) S. F. Gray are usually distinguished in Europe. In the former, polyploid agamospermous taxa strongly prevail, sexuality is confined to a few diploid species (Gustafsson 1946; Merxmüller 1975; Chrtek 1997) . Diploids produce homogeneously sized and viable pollen grains, pollen production in polyploids varies among species. While microsporogenesis is partly to completely disturbed in the triploids, some tetraploids produce viable pollen grains (Rosenberg 1927; Gustafsson 1938; Aparicio 1994) . In Hieracium subgen. Pilosella the sexual reproduction mode is not connected with the diploid ploidy level only (e.g. Rotreklová et al. 2002 Rotreklová et al. , 2005 , and facultative agamospermy of the aposporic type occurs not only in polyploid taxa, but also in diploid plants of polyhaploid origin (Bicknell 1997) . Rosenberg (1917) first studied microsporogenesis in Hieracium subgen. Pilosella and detected euploid and aneuploid pollen grains in some apomictic and sexual taxa. Thus, in this subgenus both sexual and apomictic species produce viable pollen grains and serve as pollen donors in sexual reproduction, which was confirmed in some species by hybridization experiments (e.g., Skalińska 1971; Gadella 1987; .
Pollen viability is a regularly examined component in most field and artificial pollination studies and hybridization experiments (Stone et al. 1995) . There are several methods for evaluating pollen quality in vitro: (i) test of germinability in vitro, (ii) tests of stainability of the pollen cellular content, and (iii) test based on the enzymatic activity of pollen grains (Dafni 1992) . Stain tests are faster and easier than pollen germination tests, but the different dyes give different results in the identical plants and choosing a suitable method is necessary (e.g., Bolat & Pirlak 1999; Rodriguez-Riano & Dafni 2000) . In Hieracium subgen. Pilosella Alexander's stain (Chapman & Bicknell 2000) and cotton bluelactophenol (Krahulcová et al. 2004) were successfully used to test the pollen stainability of pollen parents in hybridization experiments, the former method was used in the Hieracium alpinum group (Hieracium subgen. Hieracium) too (Slade & Rich 2006) . TTC (2,2,5-triphenyl tetrazolium chloride) test, used with success in the Hieracium alpinum group (Chrtek 1997) , gives different results in the same plant during the days in Hieracium echioides group (subgen. Pilosella; Chrtek in verb.).
This study is a part of a study series on the reproduction behaviour of Hieracium subgen. Pilosella Rotreklová et al. 2002 Rotreklová et al. , 2005 and is focused on the comparison of (1) two pollen stain methods and (2) the pollen stainability of apomictic and sexual taxa and sterile hybrids. Brno-Kejbaly in the Experimental Garden of the Department of Biology, Faculty of Education, Masaryk University of Brno. The reproduction mode of the examined plants was detected by emasculation experiments, and the chromosomes were counted after lactopropionorcein staining in root tip meristems; the results of these studies were published separately Rotreklová et al. 2005) .
For localities see Appendix 1. Fresh pollen was collected in the experimental garden twice a week in July and September 2005. Three heads per plant in one to three plants from the same population were studied to detect pollen stainability. Pollen grains were prepared from the unopened central flowers of the capitula that already had some marginal flowers open.
Two different dyes were used to compare pollen stainability: acetocarmine and Alexander's stain (Alexander 1969 (Alexander , 1980 . Pollen samples from one capitulum were placed on slides in both stains and incubated overnight at room temperature (Alexander's stain) or in petri dishes in a refrigerator (acetocarmine). Acid fuchsin, contained in Alexander's stain, stains protoplasm, and malachite green stains cellulose in the pollen walls (Alexander 1969) , thus dark purple pollen grains are considered viable while white or green pollen grains are considered nonviable. Viable pollen grains stained by acetocarmine are red or pink, nonviable remain unstained or turn light pink. The slides were observed with a light microscope (Olympus BX 51), microphotos from three to seven microscopic areas were used for the assessment of pollen stainability from each capitulum. At least 100 pollen grains were counted from each slide.
Wilcoxon's test was used to compare pollen stainability between different dyes (Alexander's stain versus acetocarmine). Friedman's test (ANOVA) was used to compare the results of pollen stainability in different days of staining (only Alexander's stain). The significance level for Friedman's test was 0.05 and for Wilcoxon's test was 0.01.
Results
In total, 34 plants from 18 localities were used in two stainability tests, and three groups of plants were covered in this experiment: (1) Table 2 .
The highest pollen stainability was found in 13 plants from six populations of the tetraploid sexual Hieracium bauhini and H. densiflorum (Fig. 1, Table 2 ). The average value of stainability in these plants ranged from 93.7% to 98.4%. In these plants only small intrapopulation variability was found (Fig. 1, Table 2 ). Higher inter-and intrapopulation variability was discovered among the apomictic plants (Fig. 1, Table 2 ). Thirteen plants from seven localities of the pentaploid Hieracium bauhini were investigated. In four populations the results were similar to those in sexual tetraploid plants: stainability exceeded 92% and variation among plants from the same population was low. In one population the average pollen stainability was over (Table 3) . Similar results were obtained in the hexaploid apomictic Hieracium bauhini. In four plants from two localities the stainability was higher than 95%. In the remaining two plants, (Nos 01/371 and 372), the average stainability was 75.4%, with a high difference between days of experiment: in Plant No. 372 pollen stainability of only 56.2% was found on 27 July 2005 (Table 3 ). In the apomictic pentaploid Hieracium pilosellinum average stainability and intrapopulation variability were similar as in other apomictic taxa. The lowest stainability was found in those taxa, in which sterility was detected by Rotreklová et al. (2005) , i.e. Hieracium pistoriense and H. brachiatum. The average pollen stainability in these species was about 30%, and large differences in stainability were found not only between plants from the same population (in H. brachiatum) but also between different heads from one plant. No significant differences were found between different days of staining (Friedman's test, p = 0.86, α = 0.05). A comparison of pollen stainability found that the pollen stainability was significantly different in slides stained by different stains (Wilcoxon's test, p = 0.0021, α = 0.01). In acetocarmine staining a higher stainability was found than in Alexander's stain (Fig. 2) . 
Discussion
The high pollen stainability of sexual tetraploid species of Hieracium bauhini and H. densiflorum confirmed the data published hitherto. Pollen stainability between 92-98% was detected in the sexual tetraploid H. pilosella in Poland (Pogan & Wcis lo 1995) . Similar results were obtained by Krahulcová et al. (2004) in two clones of sexual diploid Hieracium lactucella (96.7% and 97.5%) and sexual tetraploid H. pilosella (75.5-95.8%), which served as pollen donors in experimental hybridization with H. rubrum as mother plants. In one clone of the sexual tetraploid H. pilosella the authors (Krahulcová et al. 2004 ) detected significantly different pollen stainability under different environmental conditions (lower in gardens, higher in glasshouses). Also in Hieracium subgen. Hieracium pollen stainability greater than 96% was found in the sexual diploid H. alpinum (Chrtek 1997) .
The high pollen stainability detected in some populations of the apomictic pentaploid and hexaploid Hieracium bauhini and apomictic pentaploid H. pilosellinum was not known until recently. Pollen stainability over 90% shows that these plants can participate in sexual reproduction as pollen donors, which has already been demonstrated in some hybridization experiments (e.g., Gadella 1987 Gadella , 1991 Gadella , 1992 , Houliston & Chapman 2001 . Rather low pollen stainability in the other apomictic Hieracium bauhini confirmed the findings of Pogan & Wcis lo (1995) , who recorded pollen stainability of 40-60% in the pentaploid apomictic H. pilosella from Poland.
The lowest pollen stainability was detected in the sterile triploid Hieracium pistoriense and pentaploid H. brachiatum. This result together with the sympatric occurrence of both taxa with possible parental species and their intermediate morphology confirm the hybrid origin of these plants. Although in hybrid hawkweeds (Hieracium subgen. Pilosella) the pollen stainability has not been studied up to now, similarly, rather low pollen stainability was found in the hybrids of other species (e.g. Krahulcová et al. 1996; Tyagi 2002; Song et al. 2001 ).
Pollen stainability detected by acetocarmine was significantly different from Alexander's stain. As shown in Fig. 2 , higher stainability was found in acetocarmine. Differences between stain methods are in accordance with literature data (Bolat & Pirlak 1999; RodriguezRiano & Dafni 2000) . As Alexander's stain was successfully used in many taxa (e.g., Busch 2005; Lévesque-Lemay et al. 2003) other authors advised of the possibility of infidelity in some taxa when this dye was used (e.g. Báez et al. 2002) . Heterogeneity in pollen stainability between plants depending on their reproductive mode and homogeneity of these results within the same "reproductive groups" and during the growing season has proved this dye suitable for the detection of pollen stainability in Hieracium subgen. Pilosella.
